Developing new synthetic methods for the construction of nitrogenous molecules 1) has defined the frontiers of organic synthesis since its very beginning. The Mannich reaction is a very useful platform for the development of nitrogen containing molecules. 2) Originally, this reaction produces b-amino carbonyl compounds from three-components, amine, aldehyde and ketone. These b-amino carbonyl compounds are used for the synthesis of amino alcohols, peptides, lactams and as precursors to synthesize amino acids. The vital importance of the Mannich products as useful precursors of pharmaceutical and natural products 3) always boosted researchers to find out better process for their synthesis. The limitations 4) associated with the classical Mannich type reactions such as drastic reaction conditions, long reaction time with low yields and formation of undesired side products, have induced numerous modern versions 5) of the reaction. These improved methodologies are mainly based on two-component reactions where the imine as electrophile was pre-formed and reacted with stable nucleophiles such as enolates, enol ethers and enamines. [6] [7] [8] [9] [10] [11] [12] [13] However, the preferable route is the use of a one-pot threecomponent setup rather than a two step that allows a wide range of structure variations. 14) Numbers of catalysts have been employed for classical Mannich reaction of aldehydes, ketones and amines mainly involving acids like proline, [15] [16] [17] p-dodecyl benzenesulphonic acid (DBSA) 18) and some Lewis acids. [19] [20] [21] Other catalysts for the reaction include Yb(OiPr) 3 , 22) InCl 3 , 23, 24) lanthanide triflate 25) in solvents like dichloromethane and acetonitrile, siloxy serine organocatalysts, 26) phosphorodiamidic acid, 27) bromodimethylsulfonium bromide 28) and boric acid/glycerol, 29) 4-hydroxypyrrolidine, 30) Trypsin, 31) Yb/K heterobimetallic catalyst. 32 ) Some solid-supported catalysts have also been used such as AlCl 3 -SiO 2 , 33) HClO 4 -SiO 2 34) and H 2 SO 4 -SiO 2 . 35) However, they often suffer from the drawbacks of long reaction times, harsh reaction conditions, toxicity and difficulty in product separation, which limits their use in the synthesis of complex molecules. Some of the methods mentioned above are not capable of giving Mannich products from substrates having strong electron-withdrawing group e.g. -NO 2 on aldehyde or amine. Also, the synthesis of Mannich products from the reaction of 4-methoxybenzaldehyde, 4-nitroaniline and cyclohexanone is very difficult. Hence, the development of a simple, efficient, cost effective and nature friendly synthetic protocol applicable to a variety of substrates always remains a challenging task for the synthetic chemists.
Recently, ionic liquids (ILs), which combine the advantages of both traditional molecular solvents and melt salts, have been considered as promising new reaction media and have found wide use in catalytic and non-catalytic reactions. Among the different Mannich type reactions reported ruthenium complexes and ytterbium(III) triflate have been used as catalysts in 1-butyl-3-methylimidazolium hexafluorophosphate ([bmim][PF 6 ]). 36, 37) Mannich reaction using Bronsted acid ionic liquids as catalysts and solvent have also been reported. 38, 39) However, low yield, use of toxic metal complexes and applicability to limited variety of substrates, limit the scope of these methods.
In this context, a new rapid and environment friendly method has been developed for diastereoselective synthesis of Mannich products using recyclable heterogeneous catalytic system, which is applicable to a large variety of substrates and overcomes the limitations of already reported protocols. Silica-supported boric acid (H 3 BO 3 -SiO 2 ) has been synthesized for the first time and its use with ionic liquid, [bmim] [PF 6 ] in catalytic amount for Mannich reaction has been studied. The catalytic system, H 3 BO 3 -SiO 2 ϩ [bmim] [PF 6 ] (Silica-BA-IL) can be recycled for at least seven times without any considerable effect on the yield. The catalytic combination showed moderate to good diastereoselectivity.
using Panalytical, D/Max-2500 X-Ray Diffractometer equipped with CuKa radiation (lϭ1.5418) employing a scanning rate of 0.02°s
Ϫ1
. Si was used as standard to determine the instrumental broadening and the (111) reflection was analysed.
Preparation of Silica-Supported Boric Acid Boric acid (3.0 g) with 60 ml water was taken in a 250 ml round bottom flask and heated to 60-80°C. To this, silica gel (60-120 mesh, 27.0 g) was added gradually with constant stirring and refluxed for 5 h. Water was evaporated under vacuum and the residue was stirred at 100°C for 6-7 h under vacuum to give free flowing white powder. IR (KBr) cm
: 3400, 3221, 2260, 1345, 1200, 1100, 960, 875, 800 and 720.
Typical Procedure for the Synthesis of b b-Amino Carbonyl Compounds A mixture of aromatic aldehyde (1.0 mmol), aromatic amine (1.0 mmol), cyclohexanone (3.0 mmol) and H 3 BO 3 -SiO 2 (7.8 mg, 0.0125 mmol) was stirred in [bmim][PF 6 ] (0.2 ml) at room temperature until the completion of the reaction (as monitored by TLC). To the crude product, ethyl acetate (5 ml) was added and washed repeatedly with water (3ϫ5 ml). The organic layer was dried over anhydrous Na 2 SO 4 and solvent was evaporated under vacuum. The oily products were subjected to column chromatography over silica gel (230-400) with ethyl acetate : hexane (1 : 9) as eluent. The solid products were crystallized directly from ethanol. The aquous layers were combined and dried under vacuum to afford catalyst H 3 BO 3 -SiO 2 (Silica-BA-IL) which was reused without any further purification. The catalyst can be used at least seven times without any considerable effect on yield.
Recyclability of the Catalyst H 3 BO 3 -SiO 2 catalyst together with ionic liquid was recovered by addition of ethyl acetate (5 ml) to products and washing with four equal volumes of water (5 ml 
Results and Discussion
Silica-supported heterogeneous catalysts have received considerable attention as inexpensive and recyclable catalysts for various organic transformations and in most of these catalysts strong toxic acids are employed. Thus, in order to overcome the above mentioned problems, we have first time prepared a non-toxic catalyst, silica-supported boric acid (H 3 BO 3 -SiO 2 ) and it was characterized by X-ray diffraction (XRD) and IR spectroscopy. The IR spectrum of prepared H 3 BO 3 -SiO 2 showed stretching and bending vibration bands for borosiloxane linkage (Si-O-B (Fig. 1) showed only one broad peak at 2q ca. 22°which indicates the amorphous nature of catalyst. The absence of reflection at 2q ca. 28°for free boric acid 40, 41) indicated that boron atoms are mainly engaged in the formation of borosiloxane bridges in the catalyst. The borosiloxane linkage in catalyst was further confirmed by comparison with reported XRD pattern. 40, 41) The catalytic efficiency of H 3 BO 3 -SiO 2 catalyst was evaluated by conducting a three-component model Mannich reaction of benzaldehyde, aniline and cyclohexanone under different catalytic conditions such as boric acid, silica-gel and H 3 BO 3 -SiO 2 and also under catalyst free conditions ( Table  1 ). The progress of reaction was studied by thin layer chromatography. The model reaction without catalyst under solvent free condition afforded product in very low yield. When boric acid, silica gel and boric acidϩsilica gel were used as catalysts under solvent free condition, the yield was not increased even after a very long period of time (Table 1 , entries 1-4). The reaction with H 3 BO 3 -SiO 2 in absence of solvent at room temperature, gave only 35% yield even after 12 h (Table 1, entry 5). Therefore, in order to find out the effect of temperature on yield, this reaction was carried out at elevated temperatures i.e. 50, 80 and 120°C with conventional as well as microwave (MW) heating (Table 1, entries 6-11). At 50°C, the yield was increased to 40% under conventional heating, while at 80 and 120°C, the yield was reduced and other undesired byproducts were formed in all the six heating conditions. The aldol condensation product was observed as the major byproduct which was characterized by high resolution (HR)-MS and NMR analysis. Next, the effect of different solvent media on the model reaction in presence of H 3 BO 3 -SiO 2 was studied. Solvents such as water, ethanol, ethanol : water (1 : 1), tetrahydrofuran, dimethylsulfoxide, acetonitrile proved to be good, but in these solvents extended periods of time were required and also, full conversion of reactants was not achieved ( Further, the amount of catalyst required for the reaction was optimized (Table 3 ) by initially starting with 0.25 mol% of catalyst and gradually increased the amount up to 1.75 mol%. It was observed that initially the yield increased with the amount of catalyst and maximum yield was obtained with 1.25 mol% of catalyst (Table 3 , entry 5). Further increase in the amount of catalyst neither increased the yield nor the rate of the reaction.
It should be mentioned here that methods reported earlier for this model reaction required longer time and use of toxic catalytic system such as Zn(OTf) 2 42) and Bi(OTf) 3 · 4H 2 O 43) Although in some cases non-toxic catalytic system was used (boric acid/glycerol), a very long reaction time (30-45 h) and low yield limit the scope of the method.
29)
Encouraged by the remarkable results obtained with the above reaction conditions, and in order to find the generality and scope of this new protocol, various aldehydes and amines were used. The results (Table 4 6 ], is an excellent catalytic system for Mannich reaction. Generally, excellent yields of Mannich products were obtained for a variety of aldehydes including those bearing an electronwithdrawing group (Table 4 , entries 4, 6, 7, 9) . Some of the earlier reported methods were not capable of giving Mannich products from aldehydes substituted with -NO 2 group. 28, 35) However, in present case excellent yield of product was obtained with 4-nitrobenzaldehyde (Table 4 , entries 6, 9). Furthermore, several electron-rich aromatic aldehydes led to the desired products in good yield with moderate to good "anti" diastereoselectivity in most of the cases. Syn : anti ratio was determined by 1 H-NMR analysis of product. The scope of method was extended to other amines also. In case of amines having an electron-donating group, such as 4-methylaniline the corresponding amino ketones were obtained in good yields. Amines with electron-withdrawing group, such as, 3-bromo, 4-nitro and 3-chloroaniline, gave the desired product in good yields (Table 4, entries 3, 8, 10) . Generally, the Mannich reaction of 4-methoxybenzaldehyde, 4-nitroaniline and cyclohexanone is very difficult because of the presence of electron-donating and electron-withdrawing groups in aldehyde and amine, respectively 43) and also, no report exists in literature for the synthesis of Mannich product from these substrates. However, in present case, excellent yield of prod- uct was obtained from these substrates (Table 4 , entry 8).
The high yield, simple reaction protocol, and originality of this novel process prompted us to investigate the reaction on other ketones under these conditions (Tables 5, 6 ). Thus, the three component coupling reactions were carried out with acyclic ketones such as ethyl methyl ketone and acetophenone. The expected products were obtained in moderate to good yields under these conditions. Acyclic ketones were less reactive than cyclohexanone and needed much more catalyst to afford the desired products. The regioselectivity was determined by 1 H-NMR spectroscopy and by comparison with the literature NMR values. [44] [45] [46] [47] In general, "anti" selectivity was observed when ethyl methyl ketone was used.
Another characteristic feature of the present protocol is the high chemoselectivity of cyclohexanone toward aldimines, prepared in situ from the reaction of aldehydes and amines, in preference to aldehydes as shown in Chart 1. Generally, conventional Lewis acids activate aldehydes preferentially towards aldol reaction. However, in present reaction conditions i.e. H 3 BO 3 -SiO 2 /ionic liquid the aldol product was not observed at all. The high chemoselectivity is rationalized by considering the higher basicity of nitrogen over oxygen. A related phenomenon was reported in the reactivity between aldimines and aldehydes by the use of proline, HBF 4 , and dibutyltin dimethoxide. [48] [49] [50] The recyclability of the catalytic system was also checked. The catalytic system was recovered from the reaction mixture and reused successfully for seven times without any considerable effect on yield of the product.
Further, in order to check the kinetic or thermodynamic control of diastereoselectivity under present reaction conditions, the model Mannich reaction was carried out at three different temperatures i.e. 0°C, room temperature and 80°C. The dominance of anti product at lower temperatures (0°C and room temperature) and its decrease at higher temperature i.e. 80°C indicated kinetically controlled anti product formation. 29) As far as the mechanism of the reaction is concerned, it has been presumed that oxygen of borosiloxane (Si-O-B) bond in H 3 BO 3 -SiO 2 interacts with imdazolium cation of ionic liquid resulting in polarization of Si-O and Si-O-B bonds with subsequent stabilization by anion of ionic liquid. Polarized Si-O bonds interact with O-H bond of enol to form desired product (Fig. 2) .
Conclusion
In conclusion, a new solid supported environmentally benign catalyst has been developed and used efficiently with ionic liquid for diastereoselective synthesis of b-amino carbonyl compounds. This is the first report for the preparation of H 3 BO 3 -SiO 2 catalyst and its use in Mannich reaction. This procedure offers several advantages including low loading of catalyst, improved yields, clean reaction and use of unmodified ketones, which makes it a useful and attractive strategy for the multi-component reactions of combinatorial chemistry. In addition, a very easy workup procedure has been realized. When the products were solid, the pure products were obtained directly by crystallization from ethanol. Chromatographic separation was not necessary in some cases. Current efforts in our research group are attempting to expand the application of this silica-supported boric acid catalyst for other reactions. Vol 
